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ABSTRACT

A has necessitated the need for fertilizer combinatiop f
Low yield of cowpea among smallttn_old;r f:[::;]r;ll(nassl?::ﬁon was investigated in a field study at Lawra, l,Jpper\\'icsl_
increased yield. The yield response 0 ‘I:Oid l;‘:“ in a randomized complete block design with 4 rcp.l Ications and carried gy
regio o ‘l‘;err?o:mance of Omondaw cowpea variety was evaluated at different combinations of
fromJubol oin ]h3"') ePhosphorus (0, 15,30 and 45 kg ha') and Pot:assium (O: 10, 20, 30 kfa ha™) fertilizers
Niqugen (0, 10,20 and.IE;ho hgf hist’grain yield was recorded by fertilizer application rate of 20— 30 - 20 kg.N-PIO" K0
malklng x treatmef‘ts. f? Ssgtons ha’ corresponding to 123.81% increase more than control. A lower application rale.o:‘
. '“'IhICh 015 ylel)dl:) N.-P O.- K.O ha') was capable of increasing cowpea yield to 32.14% more than the coqqul wilh
fenfllzer( Sty h ; Tl;is sho:vever was not significantly different when compared with control. Omission of
a )/lel;i1 of 15:1:1 t(:tl:ssizr;l led to a yield reduction. The biomass yield did not differ si gni‘ﬁ.cantly amoﬁng thﬁc lrcgz)nlens
pAhp‘;)lei)c;li'gi of2(l;— 30 —20 kg N-P.O.- K.O ha" also gave the highest biomass yield. Fertilizer rate of 20 - 30-20kgN-

isi i iomass yield at Lawra.
P.O.- K,O ha' was therefore recommended as the most promising rate for both grain andb ass )

Key words: Cowpea, fertilizer (NPK) application, growth, yield responses

INTRODUCTION

Cowpea is an important staple food in Ghana. It
is beneficial in tropical farming system due to
its ability to improve marginal land through
nitrogen fixation and as cover crops (Sanginga
et al., 2003). Its production is mainly in the
hands of smallholder; farmers under low input
and rain fed conditions. It is mostly cultivated in
the breadbasket region of Ghana which consists
of the savanna and transitional agro-ecological
zones (CRI, 2006). Despite being widely

consumed, the yields are among the lowest in
the vxorld with an average production of 310
kgh% f(fOfosu-Budu etal.,2007).

orts towards i i i
concentrated more on j mcreasgng e

specific fertilizer recommendation for increast
y}i)eld. Magani and Kunchinda (2009) 'rgportc:iﬁ
positive interaction between P fertlhzi:éalp
cowpea grain yield and suggcsledl uld

fertilizer recommendation for cowpeas 1prea
location specific. Although z;?dedoﬂ
symbiotically fixes nitrogen, plant dep rary N
fixed nitrogen may suffer from te::;,poncf?‘e
deficiency during the seedling grow xahaust®
cotyledonary reserve have been e;:l (19%0)
(Abayomi et al., 2008). Chiezey ¢/ @ g,

5 . b 04 ea
also reported that in poor soils, cO% P erop

satisfies N requirementsd bu)t/ fertillZe
performance is improve 4. cowp

V
application. On the other han eceive |iﬂ|‘;
compared with other crops has I"% " s o
attention from smallholder farmerrfee 2
fertilizer application and effor tSits produc™
made to promote fertilizer use for ap if coWP”
This will help close the yield &
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oduction is to keep pace with the other crops
. peciﬂ”Y cer.eals. In order to upc_late fertilizer
rccommendatlon for cowpea, this study was
indertaken 0 assess the performance of the
e response to dlflergnt levels of NPK
fertilizer application. fI‘he objective of this study
was to update fertilizer recommendation for
cowpea in the Guinea savannah zone of Ghana.
Such information will be of significance to
smallholder farmers, researchers,
.nvironmentalists, agricultural extension
officersand also inform Government policy.
Materials and Methods

Study Site
The study was conducted on a benchmark soil at

Dondori in Lawra district of the Upper West
region of Ghana. It lies geographically between
latitudes 10°40° and 11°00° N and longitude
%51’ and 2°45° W. The soil belongs to Dorimon
soil series which is classified as Ferric Lixisol
according to IUSS World Reference Base
(2006). The site experiences unimodal pattern
of rainfall annually with annual range of 800 —
1100mm.

Field experiment
;élle field experiment was carried out during the
T d3 cropping season (June — October). Prior to
con preparation of ploughing and harrowing, a
Wa':POSIte soil sample of the experimental plot
chel:i"“eﬂed aﬂ(! analyzed for its physical and
With cal properties. The plot size was 24 m’
1aplanting distance of 60 cm x 20 cm, while
mond:'ere planted at 2 seeds per hole.
fertiljze ‘IVCOWpea variety was used at different
o hlevels of 10 treatments NPK keha' viz
Seggiap =303 30~0~30;30~45-0; 10~
25,4530, 20 30 —20; 2045 - 20;
Tlo respect'and 20-30— 10 referred toas T1to
2 Rang Ively. The treatments were laid out
oy rep omized Complete Block Design with
d(.)“ea p ICalions, Fertilizer application Wwas
Viple peantmg as spot application using urea,
Veed g r13;1"~‘*I>flatfe and muriate of potash.
ol was done by the application of

glyphosate
traditional hgzllaci\flfg ogzethal]']l% Weeding K
pests were controlled iy
BC (25 olled using Sunhhalothrin 2.5%
= 25 g lambda-cyhalothirn per litre)
praylllg started at the commencement ol‘
flowering _and continued every two weeks until
poil maturity. Biomass yield was determined at
50% flowering while at pod maturity, yield
components such as number of pods per plant
number of seeds per pod and 100 seed weighl
were measured. All data collected were
sub_! ec_lcd to analysis of variance using Genstat 9
statlstlc_al package. Means were separated using
Least Significance Difference (LSD) at 5% level
of probability.

RESULTS AND DISCUSSION

The physical and chemical properties of soil
§arl}ples of the experimental site (Table 1)
indicated that the soil was sandy loam, with total
N (0.70 gkg') and available P (1.79 mgkg")
values below the critical levels (N < 1.00 gkg’
and P <10 mgkg'). Owusu-Bennoah and
Acquaye (1989) had earlier characterized some
savanna soils of Ghana as sandy loam, low clay
and low organic matter content resulting in low
cation exchange capacity. Phosphorus
deficiency is wide spread and is a major
constraint to crop production (Owusu-Bennoah
et al, 1995) especially in soils impoverished
through continuous cropping/short fallows
without nutrient amendments.

Total nitrogen and the available P values
were 0.07 and 1.79 mg kg respectively. Both
values are below the critical levels (N < 0.10 %
and P <10 mg kg‘) The soil pH (11 Hzo) was
5.78 which is slightly acidic but sat1§factory for
most Crops. Exchangeable potassium <Va(l)"f;
were also below the critical value ( il

St i 1. kg"'. The investigated

cmol kg") with 0.11 cmoLKg

; . phosphorus. Phosphorus
oil was low 11 Phosp : d
il orted to be wide sprea
deficiency has been reP duction

. : int to crop productio
and is a major constral

(Nwoke el al., 2005; Kisinyoetal., 2011).
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nd chemical properties

PRTARED R Rlon  Fat & 5 ot & ey W

v & '.' "i;._" P b R -\'IU 0] Cow
at cowpea at Lawra in 2013 croppi Pea

Table 1: Selected initial soil physncal a g seall
of the experimental site -
// Fertilizer rates Grain _\lc'ld Im“’:‘r‘:_:\u\“\
W (N-gzoé- K20 kg ha™) (ilg-l:s ha')  control (%)
Sand (gkg 2 A 0-0— :
Silt (gke'™) ;3‘};8“ 0—45-30 1.47 73.81
Clay (gke ) Sandy loam 30-0-30 1.10 30.95
e 578 30-45-0 0.94 194
PR 460 10— 15-20 1.37 63.09
Org. C (gkg") 0 204530 et -
Total N (gkg') . s it oLE
El?'rla?;f(mﬂﬁ-@ 3.60 20—45-20 : 3;? \jwi
Exch. Mg (cmol kg") 1.70 _1,0 =45 :8 s ._\’__’.llj
Exch. K (cmol kg™) 0.11 20—-30- e 72.62
Exch. Na (cmol kg) 0.15 F.pr S e
ECEC 7.76 LSD 0.3

It was reported to be considerably lower in the
savanna than the forest soils of Ghana (Issaka e/
al., 2008). The inability of soils to supply
adequate amounts of P for plant growth is partly

due to extensive losses due to long periods of

intense weathering and strong fixation by Al and
Fe oxides prevalent in many tropical soils (Doe.
2006). The organic matter level of the soil was
below the critical value (< 1.7%) while the
exchangeable calcium, sodium and magnesium
levels were moderate for cowpea production
(similar to that reported by Landon, 1996). Fosu
and Tetteh (2008) reported soil organic matter
level of 0.48% for soils of Lawra and soil
nitrogen level of between 0.02 and 0.07% for
savanna soils. The soil's low organic carbon and
total nitrogen contents could be attributed to the
high temperatures resulting in high rate of
decomposition. It can also be attributed to
overgrazing as the farmers release their animals
to feed on crop residues soon after harvest,
making residue incorporation unlikely. Soil
organic matter is a major contributor to
agricultural production in Africa and it
influences soil properties and co Hhds
g nsequently
P growth (Fosu and Tetteh, 200
According to the authors, it provid : 2
s es up to 70%

of the cation exchange ]

; cal i i
1fmport‘ant for soils wi%h 10£a:é3 one.
ound in Ghana. ey s

Grain yie!d of cowpea
The application of fertilizer si

0.05) increased the grain yield gnificantly (p <

of cowpea (Table

2). Fertilizer application rate of 20 — 30-10kg
N-P.O.- K.,O ha' increased grain yield of
cowpea by 72.62% relative to the control.
However, there was a sharp increase in grai
yield with the increase of K from 1 O.m 20 kg ha
(20 —30—20 kg N - P,O. - K,O ha"). The }m}d
obtained was 123.81% over control. The grain
yield obtained following fertilizer applvllcahgn
rate of 20 — 45 — 20 kg N-P,O.- K0 ha" (1.34
tons ha™) was not significantly difference to the
yield obtained from 10-15-20 kg N-P.Os E\:"O
ha' (1.37 tons ha'). Omitting nitrogen (0-43’;3.
kg N-P,O.-K.O ha') gavea yield of 1 .46 tons
1 o . - 81 % more than
amounting to an increase of 73. 2 P.0;
the control. Treatment 30 —0— 30 kg! f(l 10
K,O ha' on the other hand gave a }'131‘3 < b(;\'i
tons ha'), an increase of about 40 % a
control, The omission of K (30 - 4° - ) s 0
yield of 0.94 tons ha' which corresp highes'
11.90% increase above contr(;)lt.ain 1€
grainyield (1.88 tons ha™') was 0Dl&” ™.,
applic};\tion(onO 230=20kgN -oni’ 1:1
Cowpea obtains its nitrogen If?i g5
through symbiotic fixation Ol
nitrogen but the importancc =t - :
applied N especially in deﬁ‘?'fn payo™
important for growth and grail y1e N akub? el
et al.,2008). Osunde ef al. (2007) ‘";. 40 ke P
al. (2010) reported that addition © i jeld 1
produced the highest cowpe? gr?no—sa elia
southern Guinea savanna and S“,d" 2 Bwof‘m
zones of Nigeria respectively: It was

pe
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- TR Value
S aracteristics
Soil charac 570,00

rerilzel 1 dis

(N-P20s- K20 kg ha™')

S i RPN S

(tons ha’ ’
) control (%)

e 380.00 0-0-0 0.8 :
Sexg) o 0—45-30 1.47 ~KIL
Clay (g€ ) Sandy loam 30— 0-30 1.10 g
sl o 5 ™ 30-45-0 0.94 -
i 460 10— 1520 1.37 cibo
g;%al N(%Efg') 0.70 20— 45 — 30 1.41 67.86
Available P (mgkg™) 1.79 20-30-20 1.88 123.81
Exch. Ca (cmol kg'') 3.60 204520 1.35 9,52
Exch. Mg (cmol kg*) 1.70 10=15—10 1.1 ]. 32.14
Exch. K (cmol kg")| g-}; %0:30- 10 lk?f)m 72.62
-y 5 == i 3 )
Exch. Na (cmol kg™') et E éJD &

ECEC

It was reported to be considerably lower in the
savanna than the forest soils of Ghana (Issaka et
al.. 2008). The inability of soils to supply
adequate amounts of P for plant growth is partly
due to extensive losses due to long periods of
‘ntense weathering and strong fixation by Aland
Fe oxides prevalent in many tropical soils (Doe,
2006). The organic matter level of the soil was
below the critical value (< 1.7%) while the
exchangeable calcium, sodium and magnesium
levels were moderate for cowpea production
(similar to that reported by Landon, 1996). Fosu
and Tetteh (2008) reported soil organic matter
level of 0.48% for soils of Lawra and soil
nitrogen level of between 0.02 and 0.07% for
savanna soils. The soil's low organic carbon and
total nitrogen contents could be attributed to the
high temperatures resulting in high rate of
decomposition. It can also be attributed to
overgrazing as the farmers release their animals
to feed on crop residues soon after harvest
making residue incorporation unlikely Soii
organic matter is a major contribufor t
agricultural production in Africa and i
influences soil properties and co and it
g}ant growth (Fosu and Tettegse%‘g:(r)litlly
ccording to the authors, it provides l;p to 70&,

of the cation exchan : I

. € Cca : .
important for soils wi%h 10\5‘1:‘? Jmnaking 1t
found in Ghana. clivity clay as

Grain yield of cowpeq
The application of fertilizer si

0.05) increased the grain yield gnificantly (p <

of cowpea (Table

2). Fertilizer application rate of 20 —30 - 10kg
N-P.O.- K.,O ha' increased grain yield of
cowpea by 72.62% relative to the control.
However. there was a sharp increase in grain
yield with the increase of K from 10 to 20kgha
(20-30—20 kg N - P,O. - K,O ha"). The yield
obtained was 123.81% over control. The grain
yield obtained following fertilizer application
rate of 20 — 45 — 20 kg N-P,O«- K,O ha" (1.34
tons ha™) was not si gnificantly difference to ,the
yield obtained from 10-15-20 kg N-P:Os I\;O
ha' (1.37 tons ha'). Omitting nitrogen (0-45-30
kg N-P,O.- K,O ha') gave a yield of 1.46 1008 ha
' amounting to an increase of 73.81% morepllbaij
the control. Treatment 30 — s 30. kg N- ] 1’0
K,O ha" on the other hand gave a Ylel‘g Of(b(;\-e
tons ha'), an increase of aboul 40% g
control. The omission of K (30 - 45-0)8 !
yield of 0.94 tons ha’' which CO'TeSpOlni st
11.90% increase above control: _Thg fr]olt:ﬂ
grainyield (1.88 tons ha'') was obtaine %
application of 20 —30—20 kg N -P.0s” u:iremeﬂl

> . > el
s nitrogen !
Cowpea obtains 1t gl tmosphe”

through symbiotic fixation © e\;terllﬂ”‘."
nitrogen but the importance o “coils
applied N especially In deficlelr payom
important for growth and grain yi€ rakubt el
et al.,2008). Osunde et al. (2007) 2% kg p.0:
al. (2010) reported that addition of oqd 10

in y]L 14l
produced the highest cowpe? gratt - heli®
g d Sudanotz“r orthy

southern Guinea savanna an ey
zones of Nigeria respectively. Itw
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chinedu (2014) th;lt ingrcased P ftertilization led
] ncreased grain y@ld up to 30 kg ha'
peatment beyond which yield giecline was
observed. It could therefore be linked to the
,.ecommcndation of Gl_ller etal. (1997) who had
-arlier warned that to 1ncrease and sustain crop
oduction, replenishment of soil P must be
niegrated with replenishment of soil N. This led
o our ensuring that we balanced up the
ombination of fertilizing elements in this
esearch so as to avoid situations where there
+ill be the desired results in the short term only
o create nufrient imbalance in the long term.
The sharp increase in grain yield obtained with
he increase of K,O application rate from 10 to
0kgha' agreed with the findings of Oliveira et
1. (2009) that best response of cowpea grain
ield was obtained with the application of 20
nd40K,0kgha™.

liomassyield of cowpea
ggnmass yigld of cowpea is presented in Table 3.
nl‘?mqss is important to the poor farmers in the
&gstlll]g?tefl area because they depend on it to
% :lr :llvestock. A qqick. glance at Table 3
“Creased:,'at the -appl.lca-tlon of fertilizer
o I;Omass yield significantly (P <0.05),
K POeatments Q]—45 —30and 30-0-30
Crease (24 55 - K,O ha' that recorded marginal
» °0nt;of and 3.94% increase respectively
v Margi na% _But for the two treatments that
lelds g mineleCrease over control, biomass
“Usignj lcant] rom all other treatments were
l05 Applic y different from each other (P >
0K oy ion rate of 20 — 30 — 20 kg N -
Bifican ya d_ga"e the highest yield though not
Om o ert ifferent from the yield obtained
$<3p, CAtments, with the exception of 0 —
g and 3() _ 0_ 3 €p |
b there e Ol;gN- P,O,- K,O ha".
45 *en the }'ie]ds No - significant difference
~30 . S obtained from the control, 0
~0-30kgN-P,0,-K,0ha".

;epo_rlt_of Bationo et al. (2002) that apﬁ]iéé{t-{t;r{‘(;}‘
erti 1zers can triple cowpea biomass
product_lon. Azarpour et al. (2011) also
emphamtz)ed the contribution of applied N to
cowpea biomass growth even though i

ability to fix N. L

Table 3 Effect of fertilizer rates on biomass yield of cowpea
at Lawra in 2013 cropping season

Fertilizer rates Biomass yield Increase over

(N-P:0s- K70 kg ha'! tons ha’ s
o g ha') 2(,86 )] fontrol (%)
0-45-30 299 4.55
30-0-30 2.96 3.49
30-45-0 3.83 33.92
10-15-20 3.63 26.92
20-45-30 4.05 41.60
20-30-20 4.17 45,80
20-45-20 4.10 43.36
10-15-10 3.78 21T
20-30-10 377 31.82
F.pr 0.21

LSD 1.19

Bationo and Ntare (2000) also reported increase
in cowpea biomass with N application up to 45
kg ha'. Application of N fertilizer may be
required for increased cowpea biomass
production in the study location. However,
application of N must be at the recommended
rate to avoid high biomass production at the
expense of grain yield which is of more interest
to farmers. Our results also agreed with the
results of Gweyi-Onyango et al. (_2011) _whose
report indicated that P appl_icatmn did not
s gniﬁcantly increase cowpea biomass.

ion and recommendation )
Sl h work indicated that

Findings from this researc ;
the application rate of 20-301;20I II;Pg (;:g;n l;zrle
increased the yield of cowpea y t. S

than the control, thus making 1 it
promising fertilizer rate for cowpea P

te
in the Guinea savanna zone of (i.h:r;z;. ;I(;l;les fa"
also resulted in biomass yield of 4-
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ADONEC ;i ey E18.
a'is a
application rate of 20-30-20 th’lf kog;timum
promising fcrtilizcr_ rate 1o ¢ P W
production of cowpea in Lawra, UpP

region of Ghana.

production
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